INTRODUCTION
The widely grown cultivars Primavera and Bonança are susceptible to rice blast disease, caused by Magnaporthe grisea (Hebert) Barr [= Pyricularia grisea (Cooke) Sacc.] and the annual yield losses caused by this disease are of major concern to upland rice growers. The mean grain yield losses due to rice blast in the four widely grown upland rice cultivars ('Bonança', 'Primavera', 'Carajás' and 'Caiapó') were estimated to be 56.9% under experimental field conditions (Prabhu et al., 2002a) . Considering the mean panicle blast severity of 75% for 'Primavera' and 46% for 'Bonança', the losses in empty spikelets were 42% and 11%, respectively (Araújo et al., 2004) .
ARTIGOS / ARTICLES
Cultivar specificity of isolates and variability within pathogen population are major factors in adopting appropriate breeding strategies. Earlier studies in different parts of the world were focused on phenotypic variability in M. grisea (Ou, 1980) . Virulence and phenotypic diversity are commonly determined based on the identification of pathogenic races or pathotypes affecting diverse genotypes in breeders' plots. Virulence in the field also preexists in low frequencies for resistance genes, which have not so far been utilized in the resistance breeding of rice cultivars (Prabhu et al., 2002b) . The detection of rare pathotypes has great value in predicting the effectiveness of the resistance genes in newly released cultivars. In an earlier investigation, the international races IB-1, IB-9 and IB-41 were found to be predominant among 85 isolates retrieved from 14 upland rice cultivars. A set of eight commercial Brazilian rice cultivars was utilized as additional differentials for describing the pathotype diversity of M. grisea. Isolates virulent and avirulent to 'Primavera' were found within the pathotype IB-1 utilizing Brazilian differentials (Prabhu et al., 2002b) . In another study, it has been shown that 46 isolates of M. grisea, collected from 'Primavera' during 1997-2001, belonged to 11 international and 15 Brazilian pathotypes (Prabhu et al., 2003) . Of 12 monosporic isolates collected from two leaf lesions of 'Primavera' in two urban areas of Lagomar and Uberlandia, in Minas Gerais State, four races IA-1, 1C-9, IB-1 and IC-65 were identified (Cornelio, 2001) . International races representing the majority of the race groups were earlier reported from the upland rice growing States (Malavolta & Souza, 1992; Prabhu et al., 2002b) . Pathogenic diversity is generally very high in experimental fields and at cultivar breeding sites where the conditions are highly favorable for disease development (Correa-Victoria & Zeigler, 1993; Zeigler et al., 1995; ). Levy et al. (1993) identified 39 races in one collection of 151 isolates retrieved from 15 rice cultivars in Colômbia. Chen et al. (1995) analyzed the population structure of M. grisea at two screening sites in the Philippines and concluded that host selection appeared to play a major role in structuring the pathogen population.
Thus, the estimation of relative prevalence and geographic distribution of races is more important in the isolates collected from commercial rice cultivars (Leonard et al., 1992 , Filippi et al., 2002 , Prabhu et al., 2002c . The analysis of 470 isolates collected from eight cultivars from 18 farmers' fields in Arkansas State in the U.S.A, showed predominance of races IB-49 and IC-17, due to high selection pressure exerted by the cultivars (Xia et al., 2000) . These studies showed that the level of phenotypic diversity in commercial rice farms is an important parameter to characterize different pathogen populations of M. grisea. It is not known how far the widely grown upland rice cultivars Primavera and Bonança influenced the evolution of population structure.
Phenotypic diversity refers to a rate of temporal and spatial change. A pathogen population is considered more diverse if it consists of a large number of phenotypes for a given number of isolates. It is characterized by even distribution of phenotypes in which case a small number of phenotypes dominate, and when differences between phenotypes in genetic and other virulence attributes are large (Groth & Roelfs, 1987; Kosman, 1996) . Shannon and Simpson indexes based on relative frequency of different races are widely used to characterize the pathogen population. The ratio of phenotypes (races) to isolates sampled depends upon the sample size, and a larger sample size is required to detect rare phenotypes. Gleason index is considered less sensitive to the sample size, because the increase in sample size is correspondingly diminished in its logarithmic form and simple to calculate (Groth & Roelfs, 1987) . Some isolates of M. grisea exhibit distinct differences in virulence pattern while others are similar depending upon the set of differentials utilized. So far, no attempt has been made to determine spatial distribution of virulent pathotypes in the commercial rice fields of 'Primavera' and 'Bonança'.
The objectives of the present study were to estimate the phenotypic diversity between field populations of M. grisea from the rice cultivars 'Primavera' and 'Bonança' and examine the utility of fixed sets of Brazilian local differentials and international standard race differentials to describe different aspects of diversity indexes.
MATERIALS AND METHODS
Isolates of M. grisea were collected from eight commercial fields of the cultivars 'Primavera' and 'Bonança' ( isolated and no other cultivar was planted within a minimum distance of approximately 5.0 km. Regular inspections of the fields were made for the presence of leaf blast. Leaf samples with sporulating lesions were collected, at the vegetative phase of crop growth, varying from 30 to 50 days after planting. Collection procedure consisted of selecting a representative area of about one hectare of the rice crop, and pre-marking it with five wooden poles, four at each corner and one in the center of the selected sampling area at approximately 100 m distance. Fifty or more leaves showing a minimum of one sporulating susceptible lesion type were collected around each one of the marked sites of each field.
In most of the cases, the isolates were established from one conidium per lesion and from two to three lesions per leaf. For evaluation, isolates varying from 28 to 47 per field were randomly selected according to cultivar, location and year of collection ( Table 1 ). The virulence frequency of the selected isolates was tested under controlled greenhouse conditions, utilizing 16 genotypes including eight standard international differentials ('Dular', 'Kanto 51', 'NP125', 'Raminad Str 3', 'Usen', 'Zenith', 'Caloro' and 'Sha-tiao-tsao') and eight Brazilian local differentials ('Carajás', 'Confiança', 'Maravilha', 'Primavera', 'Progresso', 'Caiapó', 'IAC-47', 'IAC-201'). These differentials were sown in plastic trays (15 x 30 x 10 cm) containing 3 kg of soil fertilized with NPK (5g of 5-30-15 + Zn and 3g of ammonium sulfate per 3 kg of soil). Sixteen cultivars per tray were sown (10 to 12 seeds/cultivar) in 5 cm rows.
Spore production and inoculation procedures were carried out as described in earlier investigation (Filippi et al. 1999 ). Twenty-day-old plants were inoculated by spraying the aqueous spore suspension (3.10 5 conidia per mL) on leaves, until run-off, using an atomizer connected to an air compressor. The physiologic races were identified based on the reaction of eight standard international differentials (Atkins et al., 1967; Ling & Ou, 1969) . Leaf blast reaction was assessed seven to nine days after inoculation taking into consideration only two types of host reaction, compatible or susceptible and incompatible or resistant reaction. The infection types 0 to 3 were considered as resistant and 4 to 9 as susceptible in the disease evaluation scale of 0-9 (International Rice Research Institute, 1988). In the event of ambiguous or intermediate reaction, inoculation tests were repeated whenever necessary and the ones that gave consistent and uniform reaction were utilized for analysis. A tray containing international and Brazilian differential cultivars as non-inoculated control was maintained to ensure that no contamination occurred during the inoculation procedure.
The same key utilized for identifying international races (Ling & Ou, 1969) was used for designating Brazilian races (Prabhu et al. 2002b ). The Brazilian races were prefixed by the letter "B" instead of the "I" of the international races, and the numbers following the group letters indicate the pathotype number.
Analysis
Each pathotype was considered as a distinct phenotype for measuring phenotypic diversity between populations. Shannon, Simpson and Gleason indices were calculated for each one of the eight fields of rice 'Primavera' and 'Bonança'.
Shannon index (Goodwin, 1997) was used to determine the similarities of the frequencies of the different pathotypes in a set of isolates (Set 1 = international differentials and Set 2 = Brazilian differentials) by the following formula:
H SH = −∑ (P j ln P j ).Where j =1...n, and p j is the frequency of ith jth pathotype in the set of isolates.
Simpson index (Pielou, 1975) of diversity was another popular diversity index advocated by Groth & Roelfs (1987) for plant pathogens to determine the number of phenotypes and evenness of their distribution. It was calculated by the following formula:
Where n i is the number of isolates of the ith phenotype and N is the sample size.
Gleason index (Groth & Roelfs, 1987) was used to detect the number of distinct pathotypes present indicating the richness aspect of diversity and calculated by the following formula:
H G = (n-1)/ln(N). Where n is the number of pathotypes and N is the number of isolates in the sample population.
RESULTS AND DISCUSSION
Sixty-one Brazilian pathotypes were identified in 306 isolates collected from eight rice fields of 'Bonança' and 'Primavera', during two rice growing seasons. They represented the groups BA, BB, BC, BD, BE, BF, BG, BH and BI with group BB being predominant. The pathotypes in order of their prevalence, independent of the rice cultivar and year of collection, were BD-16, BB-21, BB-9, BB-29 and BC-14 (Table 2) . One hundred and thirty one isolates of M. grisea collected from four fields of 'BRS Primavera' belonged to the pathotype BD-16, indicating high cultivar specificity to the isolates. The Brazilian differentials 'Confiança', 'Maravilha' and 'Primavera' were susceptible, whereas 'Carajás', 'Progresso', 'Caiapó', 'IAC-47' and 'IAC-21' were resistant to pathotype BD-16. Similar results were obtained in a previous study with isolates collected from experimental fields during a 3-year period, where five of the four isolates were pathotype BD-16 (Prabhu et al., 2002b) . The pathotype BB-21 was identified in 25 of 45 isolates collected from one field of 'BRS Bonança' in Bela Vista in the rice growing season of 2002/03 (Table 2) . In an earlier investigation, all of the six isolates collected from 'Bonança' were identified as pathotype BB-21 (Prabhu et al., 2002b) . It is interesting to note that in three fields of 'Bonança' the number of pathotype ranged from 14 to 21, indicating high pathotypic diversity. Rare pathotypes do exist under natural field conditions in both cultivars and, possibly, shifts in pathogen population can occur over time as there is directional selection in favor of the virulence present in those pathotypes. 2 B = 'Bonança', P = 'Primavera', the numbers followed by the letters B and P refers to the field number. Total number of isolates were based on samples collected and tested from eight fields including two rice cultivars and two years.
Thirty pathotypes were identified based on reaction type on eight international differential cultivars in eight fields of 'Primavera' and 'Bonança' rice during the 2-year period of this survey (Table 3) . Of 170 test isolates of M. grisea collected from 'Primavera' three pathotypes, IF-1, ID-9 and IC-9 were found to be predominant among the 22 pathotypes identified. The pathotypes IB-41 and IB-9 occurred at a higher frequency among the 20 other pathotypes identified in tests conducted with 136 isolates collected from four fields of 'Bonança'. Prabhu et al (2002b) Estimation of phenotypic diversity in field populations of Magnaporthe grisea... International pathotypes were identified based on eight standard international rice differentials. 2 B = 'Bonança', 3 P = 'Primavera', the numbers followed by the letters B and P refer to the field number.
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Total number of pathotypes were based on samples collected and tested from eight fields including two rice cultivars and two years.
identified two pathotypes in five isolates collected from 'Bonança' in experimental fields; four of them were IB-9 and one was IB-33. In the present study, IB-33 was detected at low frequency in commercial fields of the cultivar 'BRS Bonança', while 55 of the 58 isolates were identified as pathotype IB-41. The composition of pathotypes in the experimental plots and commercial fields is different even though both virulent and avirulent pathotypes do preexist under natural field conditions.
The diversity in pathotypes ranged from 6 to 21 based on reaction type on Brazilian differentials and 6 to 17 using international differentials (Tables 2 and 3 ). Fields 1, 2 and 4 of 'Bonança' showed a high pathotype diversity using Brazilian differentials ( Table 2 ). Isolates that have been classified as the same pathotype using international set of differentials could be further differentiated from Brazilian differentials. This indicates that the former could not fully discriminate virulences in local M. grisea populations. The information on pathotype diversity determined using the Brazilian differentials has more applied value in improving rice cultivars for blast resistance than with the international differentials (Prabhu et al., 2002b) .
The 'Primavera' and 'Bonança' M. grisea populations in eight commercial fields, as measured by Simpson, Shannon and Gleason indices, showed similar phenotypic diversities (Figures 1 and 2) . Considering the standard reaction on eight Brazilian differential cultivars, the index values ranged from 0.22 to 0.97 for Simpson, 0.55 to 2.94 for Shannon (Figure 1) . However, the phenotypic diversity was lower in commercial rice fields of 'Primavera' than in the fields of 'Bonança', independent of the diversity index utilized, year and location ( Figure  1 ). The fields B1 and B2 of 'Bonança' in the rice growing season of 2001/2002, and B4 in the succeeding year, exhibited high phenotypic diversity utilizing Brazilian differentials, whereas B1 (Figure 1 ), B2 and B3 showed relatively lower diversity utilizing international differentials (Figure 2 ). The two sets of differentials used in the present study differentiated phenotypic diversity in different ways in all of the eight subpopulations analyzed. This could be attributed to differences in resistance genes of the two differential sets. Similar results were observed in the wheat-Puccinia recondita f. sp. tritici pathosystem (Kolmer, 1991) . Considering Brazilian differentials, the four subpopulations from 'Primavera' (P1, P2, P3 and P4 fields) did not show standard deviation, and only one phenotype dominated in the subpopulation. The standard deviation was observed only in subpopulations B1, B2 and B4 fields of 'Bonança' (Figure 1 ).
Virulence frequencies resistance to genes not deployed in the region, such as those present in the international differentials, are generally low when compared to virulence frequencies for the Brazilian differential cultivars. The contribution of pathotype number, sample size, and frequency distribution or evenness, and to each diversity index evaluated, was determined through the coefficients of determination in linear regression (Table 4 ). The Simpson index was more sensitive than those of Shannon and Gleason to pathotype number and standard deviation when Brazilian differentials were utilized. On the other hand, Gleason was a more sensitive index to standard deviation if international differentials were considered. The sample size did not significantly influence the diversity index. Kolmer (1991) conducted multiple regression analysis to determine the proportion of variation in the diversity indices that could be accounted for by the independent variables, such as sample size, number of pathotypes and evenness of pathotype frequencies. The Gleason index was found to be more sensitive to the number of pathotypes, whereas Shannon and Simpson indexes were more sensitive to the evenness of race frequencies in relation to phenotypic diversity of two subpopulations of P. recondita f. sp. tritici. The phenotypic diversity of the two pathogen subpopulations from 'Primavera' and 'Bonança', as measured by the three indices of diversity, can be attributed to the directional selection in pathotype frequency determined by the host cultivar. The low phenotypic diversity of the pathogen subpopulations from 'Primavera' was maintained in both years independent of location. This could be attributed to the extensive areas planted with the cultivar and also to the fact that this cultivar was released earlier than 'Bonança'. Host selection seems to play a major role in structuring the pathogen populations .
The risk involved in resistance breakdown by the development of a compatible virulence phenotype in the population of M. grisea is greater in 'Bonança' than in 'Primavera' if it is improved for blast resistance by incorporating vertical genes through back cross breeding procedure. Thus, it may be advantageous and safer to breed 'Primavera' through this procedure as segregating populations could be screened for resistance against a pathogen population that has reached some degree of evenness. 
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